Summary: Microbial metabolism mediates fundamental transformations of chemistry 15 and energy that drive biogeochemical cycles on our planet. Increasingly, we can read 16 genomic blueprints of microorganisms, decipher their functional capacities and 17 activities, and reconstruct their roles in biogeochemical processes using omic-based 18 techniques such as metagenomics. Currently available tools for analyses of genomic 19 data can annotate and depict metabolic functions to some extent, but they are not 20 comprehensive. No standardized approaches are currently available for bioinformatic 21 validation of metabolic predictions and identifying contributions of microorganisms 22 36 37 Availability and implementation: METABOLIC is available on github: 38 https://github.com/AnantharamanLab/METABOLIC.
Introduction

43
Microbially-mediated biogeochemical processes serve as important driving forces for 44 transformation and cycling of elements, energy, and matter among the lithosphere, 45 atmosphere, hydrosphere and biosphere (Madsen, 2011) . Metagenomics and single-cell 46 genomics have transformed the field of microbial ecology by revealing a rich diversity 47 of microorganisms from diverse settings, including terrestrial and marine environments 48 and human body (Anantharaman, et al., 2016; Dombrowski, et al., 2018; Parks, et al., 49 2017; Pasolli, et al., 2019) . These approaches can provide an unbiased and insightful 50 view into microorganisms mediating and contributing to the biogeochemical activities 51 at a number of scales ranging from individual organisms to communities 52 (Anantharaman, et al., 2016; Bowers, et al., 2017; Hug, et al., 2016; Parks, et al., 2017) .
53
Prediction of microbial metabolism relies on annotation of protein function for 54 microorganisms using a number of established databases, e.g., KEGG (Kanehisa and 55 Goto, 2000), MetaCyc (Caspi, et al., 2006) , Pfam (Finn, et al., 2014) , TIGRfam 56 (Selengut, et al., 2007) , SEED (Overbeek, et al., 2013) , and eggNOG (Huerta-Cepas, Here we present the software METABOLIC, a tool to profile metabolic and 68 biogeochemical functional traits based on microbial genomes. It integrates annotation 69 of proteins using KEGG (Kanehisa and Goto, 2000) , TIGRfam (Selengut, et al., 2007) , 70 Pfam (Finn, et al., 2014) , and custom HMM databases (Anantharaman, et al., 2016) , reads in which were used to reconstruct those genomes (Supplementary Figure S1 ).
83
Genomic sequences are annotated by Prodigal (Hyatt, et al., 2010) , or a user can provide 84 self-annotated proteins (with extensions of ".faa") in order to facilitate incorporation 85 into existing pipelines. Proteins will be queried against hidden Markov model (HMM) 86 databases using hmmsearch implemented within HMMER (Finn, et al., 2011) which 87 implements methods to detect remote homologs as sensitively and efficiently as 88 possible. The HMM databases include Kofam prokaryotic (KEGG) (Aramaki, et al., 89 2019), TIGRfam (Selengut, et al., 2007) , Pfam (Finn, et al., 2014) and custom metabolic 90 HMM files (Anantharaman, et al., 2016 and trusted cutoffs (TC) to avoid potential false positive hits; detailed curation methods 94 are described previously (Anantharaman, et al., 2016) . where "X" stands for any amino acid) (Venceslau, et al., 2014) . We use these specific 104 motifs to filter for proteins which have high sequence similarity but functionally 105 divergent homologs. Table S1 and 151 references therein). These results suggest that METABOLIC can provide accurate 152 annotations and genomic profiles of metabolism and serve as a good functional 153 predictor for microbial genomes at the individual and community scales. 
